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THE CONTROLS AT LOW HINGE MOMENTS* 
By M. Pris 



At present the models sent to the Eiffel laboratory 
for study of a "basic design, lend themselves to certain 
well-defined tests. The minimum amount of aerodynami'c 
measurements stipulated hy the S.T.Ae. include that of the 
polar curves for wing and airplane, and of the longitudi- 
nal and directional stahility. 

It is not a question of lateral stability nor of con- 
trol hinge moments, studies disregarded there primarily 
for lack of practical measuring apparatus. However, the 
influence of these data on the conduction of the airplane 
is very vital, indeed, as 'borne out by the many deplorable 
accidents resulting from ignorance of these factors. 

Stability and maneuve rability .- A good airplane should 
be stable and at the same time, maneuverable - - stable, 
that is to say, capable of overlooking an error or a care- 
less moment of the pilot, A very sensitive airplane may 
be acceptably piloted by a trained professional; one may 
even foresee that in bad weather or as a result of lack 
of visibility, the airplane may turn over on its back be- 
fore the pilot has time to grasp the situation. It is said 
that every position of unstable equilibrium at low inci- 
dence has a corresponding stable flight angle at negative 
lifts. Admittedly, if the pilot has not left his seat and 
his flying height is sufficient, he can regain his normal 
flying attitude, but it is also well known how hazardous 
such matters may become, as in night flying, for insta,nce. 
A stable airplane does not have this objectionable feature; 
it has a tendency to resume its angle of level flight at 
all times* 

The stability curve given by the laboratory should 
thus have a positive slope at any incidence and, still, 
in spite of tliis expedient, piloting is far from' being ' 
Safe, as shown by M, Haus in his article on Stability and 
Maneuverability of ;&irplanes. 



*"Les gouvernes a faibles moments de charniere." Bulletin 
de la Chambre Syndicale des Industries Aeronautiques , Vol. 
IX, No. 6, Nov. -Dec, 1931, pp. 1-30. 
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For a sufficiently low coefficient of stability, the 
reactions of the elevator may reverse themselves; in a 
dive the control stick pulls, the hand, impressing a force 
which increases as the square of the airplane speed. 

This fact is readily proved. Ojj, the coefficient of 
stability of an airplane^ is a function of airplane inci- 
dence, ia and of eleva'ffor setting Pg, thus.,,, 

. .|1 = -T — — = s.t.atic stability factor 

^ ~ = coefficient of sensitivity of elevator. 

The airplane is in balance wiien d Ojj = 0 or 

■ ■■ • ,d, ia " V 

On the- other hand, the reactions of the stick are 
normal when .the incidence diminishes with an elevator set- 
ting,' the hinge moments pass from positive to negative' 
(fig. 1), or, in -other, words, when Oj/j^ = K'' ig. + K"' Pg 

• ^5m<o. . ■ . .J- ' 

^ ^a 



whichj differentiated, yields 



d i 



^ la d la 

Eeplacing . ^ ?Q by its factor yields u, > f ®. £— u 

^ FTJ- ■ ; . d i^ E"- ^ 

Haus takes the mean values: 

|1 = 0.7 = 0.472 D = 0.8";- 

K" . d la 

then M- > 0,254. 
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The physical intefpretation of this fact is as fol- 
lows: At normal flight incidence, the elevator setting is 
neutral and the tail has a negative incidence, i.e., if 
.the airplane is inferiorly stable, a slight' di splacement 
P producei3 an appreciahle drop in incidence of airplane 
and tail surfaces in alDsolute value. In spite of the de- 
pression of the elevator, the negative couple of the hinge 
moment can increase in alasolute value. The preliminary 
study on the model clarifies this ^[uest Ion. . 

Now, what happens," at high lift values? The- stability 
of an airplane may be seriously impaired as the. result of 
decrease in mean wing lift, and become the source of a 
spin or of -a forced descent. It is general knowled^rc 
that the useful rolling moment which the ailerons set up- 
diminishes and disappears at high incidence, whereas the 
f acti-ous_ yawing moment cohsi st ently increases. Then the 

^^'^J^iiS2^IL5A-..5-?-.-i:iL%^E^^ become altogether or almost inef- 
fective, inducing spinning" and Sideslipping, whence the 
usefulness of preliminary model study. 

Lastly, the necessity of positive stability in a dive 
entails at normal flight angles, greater efforts on the 
part of the pilot, particularly with large airplanes, 
where the designer is cbliged to retain a large enough 
control surface to assure low landing speed, as a result 
of which the airplane is apt to be poorly maneuverable at 
cruising speed and very fatiguing to the pilot in rough 
weather. Wind-tunnel tests yield very valuable informa- 
tion on this subject. Conformable t.o current practice 
the designer with his experience, assures stability and 
maneuverability, for average flight conditions, but in 
stunt flying or for new types, systematic study is a use- 
.ful guide. 

A very stable airplane remains very maneuverable when 
the hinge moments of the controls remain inferior to those 
obtained with the conventional forms and when the wing 
lift at high angles has been improved, From this point of 
view, elevators balanced by recoil of the hinge, and slot- 
ted wings present some interesting features. 
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. A diai" graduated from 0° to 90° (fig. 3), with its 

plane normal to the hinge and centered on the axis of ro- 
tation of thO:. control surface, is rigidly mounted "back of 
the. wing or statilizer. 

Ahove the dial is a specially shaped, circular guide, 
0?he movable gear,, consisting of a slider that can "be 
locked above the guide, two springs with support. 'and a 
pointer, i.s placed through the latter in the aileron or 
elevator .... .. 

-For zero control setting chosen as starting point of 
the angles of setting ' (.^ = 0), the graduation indicated 
by the pointer is. nQ. i.fter shifting the slider, before 
the test, this pointef faces graduation n^. During the 
test, under the influence of the deformation of the 
springs, the setting' becomes modified and the pointer^ 
.strops at ng. Under these conditions, the setting p , 
measured from the original graduation, is. nQ - ng, and 
the corresponding hinge moment is 

Moment = 0 X (ng - n^) 

..The coefficient is obtained by a unique calibration 
of- the springs whose tension is unaffected by n^^ . The 
strength of the springs employed, depends on the dimen- 
sions of the models. 

The model is mounted on the spindle as for directional 
stability measurement, the different incidence readings 
are obtained by changing the position of the dial without 
stopping the airplane. Varying.-, ni at 5 intervals re- 
sults in a set of curves of the (CMc) moments for the^ 
settings involved, as, for example, between -30 and +30 
and for 0°, 10°, 15°, and 20° incidence, 

ADVANTAGE OS" METHOD 



Rapidity of measurement and mounting. One should al- 
low, on the average , from 1-^ to 2 minutes per point, in- 
clusive of stops and mounting. 
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■ DISADVANTAGES 



1) To insure accurate readings to within one-tentlx 
of a degree, the operator must sit as close as possible 
to the open jet of the tunnel. The graduation should 
preferahly he in degrees and half -degrees ; the lighting 
and the shape of the pointer should he ''such as to make 
reading easy, ' • 

2) ViTsrationa occur when the flow on the model he- 
comes had and, especially, with slotted wings, for cer- 
tain very limited zones of i aind p. T-he model, must he 
firmly attached, there must be no play or flexure, in the 
support and the hinge, nor in the measuring device. How- 
ever, in none of the tests made, did these vibrations 
prevent the tracing of clear curves. Lateral "bracing is 
recommended. Lastly, covers should be fitted over tl.e ■ ■■ 
springs for protection against the wind, 

MOUHTIN& OS" SECTOR AND OF POIIITER 



Sector .- Figure 4 shows one method of mounting the 
sector, A sufficiently stiff strip, appropriately set in 
the wing or tail surface, is bolted on the sector, the 
holes for attachment (cp = 3 mm) are 10 apart in a cir- 
cle of S5 mm of the axis of the hinge. The plane of the 
sector is adjusted as needed with suitable wedges normal 
to the axis facing the wind. 

For p = 0° the trailing edge of the control surface 
should ordinarily be between 40 and 45° on the dial. 

Pointer.- A strip set in the flap (fig. 5) has two 

3 mm holes corresponding to those on the pointer, their 
centers being on a line passing through the axis of the 
hinge and at around 40 to 50° of the dial. 

The important dimensions thus are (fig. 6) : 

1, The 65 mm radius for theholee of the strip in 
the sector, and two or three 3 mln "holes , 10° apart; 

2, Two 3 mm holes, 58 mm and 75 mm from the axis 
- ■Iri the strip in the pointer; 

3, 18,5 mm spacing between the fronts of these 
strips. 
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With respect to the pilot, the strip holding the 
pointer is placed to the right of thait holding the sector, 

SPRIiT&S 



Six "double springs of the dimensions given in Figure 
7, 3.re necessary, For an elongation from 45 to 80 mm, or 
35 mm at the highest, the springs should develop the list- 
ed values for tension: 

Designation: A B C D E F 

Traction (kg): 2.5, 1,5, 1,0, ...0.5, 0.3, 0,1 

Approximate areas of control surfa,ces (conventional 
form) : 

S (mS) : 0,08 0.005 

Stops have 'oeen provided to prevent the tension of 
one or the other of the springs from 'becoming zero. The 
•weaker springs insure greater sensitivity, hut the action 
due to the weight of the flap and the increase in vibra- 
tions form a stop in this direction. 

Seemingly the best results are obtained when the maxi- 
mum, ni - ng does not exceed 10°. 



CALIBHATIOil 



^T eight of flap .- The action 'due to this weight during 
the displacement nx - ns is negligible. 

Pointer .- The aerodynamic moment of the pointer may 
attain to 3 or 4 per cent of that due to the flap. This 
value was obtained by mounting the pointer to the hinge 
axis after removing the flap (wing with aileron). The cor- 
rection has shown it to be fairly independent of the wing 
incidence and a function of the setting only; for n = ng 
it becomes zero. This fact should be attributed. to the 
importance of the wake in this zone. 

The curve (fig, 8) gives g/cm in function of 
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the setting," hs heing the reading on the mi cromanometer 
for the Eiffel wind tunnel. (V^ ='3,8 hs) 

Springs.- G-iven the weights suspended back of the 
pointer at a known distance r from the axis yields a de- 
flection An. 

' ' If An ' maximum" = 10, the slider is shifted so as to 
measure the forces corresponding to nj^ + 2, nj^ + 4, etc., 
nil + 10, ■ nh being the reading when the pointer ■ i s .hori- 
zontal, so that r is now constant. 

The calibration curve shows M (g/cm) versus An 
for the two springs. 

TABULATIOU OF RESULTS . 

no = lOO-M pointer = ■ ■• . ' 

hs 



. 0 

1 


hs 




^3 




Ml 


100 Ml 

hs 


100 'Mg 

hs 






0° 
5° 
10° 
15° 
20° 





















An = ng - n^. . 

Mx — reading of moment on the calibration curve, 
hs = mi cromanomet er reading. 
100 Ms 



hs 



= moment after . correction due- to pointer-, 
' taken 'constant for each series of setting. 



'M 



c.- 



with 



100 Mc E g/m _ 100 Ma ^ ,^ ^ 
~ g/cm X 
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P- 



r3 ^ 



£ hs 



hs 



P = no - ns 



K Sg- Cg X 100,000: 



5g"=' area of control surface. 



= mean chord of control surface. 
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Conformal to practice, p is f igured .po si tive when t 
aileron is deflected with respect to the wing and Cyi^ 
positive when the flaps tend to rise^ 

MOUNTING OF MODEL 



The axis of the hinge "being without appreciahle- fric- 
tion, the mounting,. i s accordingly acceptable. _.. The axis is 
formed "by two pivots and, if necessary, an intermediate 
stop in form of a small fork, which prevents any flexure 
of the control surface normal to, its plane. . It also 
should be rigid enough in its plane to avoid flexure 
(notched out elevator). Suggested arrangements are shown 
in Figures 9, 10, and 11. 

1) Figure 9.' Ailerons separately.- Two pivots at 
the tips of the right aileron; intermediary attachment if 
necessary. Incidence sector (fig. 12) and usual axis' for 
the left . aileron.. Before the test the left aileron should 
he given a setting . similar to that which will he taken hy 
the right aileron. 

2) Figure 10, Elevator in two parts, joined with a 
flexible member. The pivots are placed at the right and 
left tips of the model, or distributed over the span. Or- 
dinarily, one center stop will be needed. 

3) Figure 11. Rigid one-piece elevators. The piv- 
ots are arranged as in case 2, Thin models may require 
an intermediate stop. The incidence sectors are equipped 
for obtaining polar curves. 

Pivots,,- The method of mounting shown in Figure 13 is 
that for the extremely difficult case of a thin wing. The 
pivot consists, of a screw and lock nut provided with holes 
for adjustment with a pin;, care should be exercised to 
have the point always free. (Fig. 14.) Small strips may 
be used, if necessary, to better close the openings made 
in the models. 

Intermediate stop .- Figure 15, This consists of a 
fork with two arms, which ordinarily does not touch the 
control surface, because of its very small end play. The 
friction introduced is negligible, but centering of the 
axis passing through the fork is difficult to achieve. 
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. -Inci d;en ee- : se ct o.r.s, of wiLiph; Pig-u^ire 1.3 is an ej:p.mple - 
maintain the settings while obtaining the polar curves. 

:. .: ^ Tempi at e .-T" Figure l-S.. A, .wood.en...te!impiate for the top 
.-CraafbeT., .lO .to -20 mm thick, yields .the ■incidence and the 
po:^.i,.t;i.on of- .the -cQ-ntrol surface f.or a neutral setting at 
0-n.e; t.i.me.' i. ' ■ , 

■ : TAIL GROUP ^mDY .■ ' - ' 

.Conventional Tail G-rbup- 

S,P.C.;A.; -90. Qol *. 3 (Socie.t.e Pr9vencale de Construc- 

■■ tions 'Aer.onauti;ques) .■ 

Span •:• ■•90 cm ■ 

Maximum chord : . -30 cm 

Thickness In- center:- • 12,5 per cent 

Area: 

.0:.-19.19 total , 
.0.233 mean 
0,0:801 
0,1065 mean 

The lift' curves for 0°, -10°, and -20° setting, are • 
normal, compared to this total area of Sg. Experience 'has 
shown that the action of the setting is felt., although 
very slightly, up to 50-f60°. 

The hinge moments are compared to the area and. the 
mean chord of the elevator; the nondimensional coefficient 
Cj^j^ is given as funC'tion of the elevator movement for 

5°, 10°, d5°, and 20° incidence of the stabilizer.. It.:is: 
seen that each of these curves consists of three straiight.- 
segm:ents separated by' change in regimls^ at about p = 10°, 
This.i • ;undoubtedly , is due to the effect of the -wake of the 
forvr&rd part to which. the elevator is exposed, at- low in- 
cidence. ^ ,. ■ ■ 
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The evolution of the moments is quite regular up to 
aljout 15° incide.nca, whence it increases very rapidly, 

ApT3lication .'> Such measurements are already used for 
evolving the mean load of the empennage. Here is an appli- 
cation to the re^aarch^^f the efforts of the pilot at dif- 
ferent, flight attit^udes andTUif f erent degrees of stabili- 
ty. The curves in Figure 17 give the coefficients of the 
longitudinal moment - elevator locked - with centering 
30-33-35 per cent of the median chord of the wing of the 
airplane shown in the drawing. At 33 per cent the curve 
has a horizontal tangent toward zero lift. The three seg- 
ments of the curve quoted^ above correspond to stability 
with elevator set at +5.,1, those "below for -4,1 setting. 
Lastly, the dash curve giveis thie stability at 3Q per cent 
, , without tail surf ace s Of .course a 35 per cent centering 
^X-vvv.vt^--' i s beyond the -asthOir of the designer's use; the study is 
merely for the purpose of instruction. 

It is assumed that different stabilizer settings corre- 
spond to these three centerings so as to maintain an iden- 
tical normal flight incidence without forcing the pilot to 
appreciably modify the elevator setting. 

The spacing of the coordinatos between the curves with 
and without tail surfaces, yields the amount of tail-sur- 
face moment. The preceding tests yielded the position of 
the c.p, on the tail group; the lever arm up to the eg, 
is readily measured for different flight conditions. The 
total stress or C2 well as incidence ie of the tail 

group is deduced as function of airplane incidence i^. 
They are straights. 

Settings p are obtained as function of ig^ by in- 
terpolating the curves of the wind vane, by displacement 
parallel to the ordinates until their intersection with 
the axis of incidence occurs at the desired angle, 

Gri ven ig and p^, ^Ma summarily obtained by read- 

ing the curves, whencEB the control stick reactions P, with 
a lever arm of 83 cm, assuming that there is no reduction 
ratio, that the wheel is weightless and the slipstream ab- 
sent, •. . ' . 

The gross weight of the airplane is nearly 5' metric 
tons. The. + sign denotes that the stick pushes in the 
hand; when F is negative, it pulls* 
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At '30 per cent the reactions are normal, Ipi a dive 
the positive reaction grows rapidly, at taining . 50 kg at 
Cz = 10 to 15. The vertical dive can also not "be achieved 
(25° to 30° meiximum' if 01- V = 100 m/s , approximately) , ■ At 
33 per cent the.f6t.cSa are still in the same directioni 
although attenuat e;d/ At 35 per cent, there is a reversal 
as predicted by ffaus.." If such an airplane is to fly with 
this centering far. Ve)iind 'that stipulated "by the designer, 
the situation 'becomes dangerous, al'beit not exactly catas- 
trophic, and demanding the undivided^ attention ;of the. p-ilqt. 
With the weight of the wheel in mind, the forces J are 
about 4 kg less. 

Summing up, such calculation attains to a more exact 
record of the behavior of the airplane than a simple ex- 
amination of the stability curves, • Of course, the effects 
due to the inertia of the airplane have not been talcen 
into account, 

. S,P.0.A;' BALANCED TAIL SURPAOES 

Ki- /f ' ''" ' ' 

The previously mentioned tail was modified by shift- 
ing the hinge 31,3 mm toward the trailing edge, the sta- 
bilizer shape being as in the graph. This placed the axis 
at 32 per cent of the chord with respect to the main chord 
of the elevator. 

The hinge moments are reduced to l/lO or l/20 with 
respect to the former (dash-dot lines) ; their evolution is 
normal and the desired results are obtained. One objec- 

■tionable feature of the lift should be pointed out: At 
between 20° and 30° settings the lift drops for positive 

.incidence, as the result of the presence of a slot and es- 
pecially because of the existence of a protuberance, on the 
back formed by the leading edge ef the elevator.. 

The incidence of the tail i s always low and negative 
except at very high airplane lifts; nevertheless, it is 
desirable that. the true magnitude of this phenomenon be 
palliated, 

EiiTBii' •(2& per cent) BALANCED. TAIL 

A biconvex symmetrical profile, 800 mm span, 150 mm 
chord, e/l m'aximum 14/l00 was used for stabilizer; the 
elevator 70 mm chord, had a similar profile. The axis 



12 



I^.AwCiAv Technical ;M^inorandtim No* 685 



came, to 17,5 mm of the leading edge of the elevator, or 

25 per cent of the chord, 

Jhe curves for the hinge moments are a. striking ex- 
ample Of the utility of this particular measuring device. 
At 0° incidence the moments are zero "between -20° and +20° 
settings; as the incidence is increased the moments be- 
come partially negative, -there is an excess of compensa- . 
tion. The straig;ht dot-dash line gives the values for an 
uncompensated eloyator.. 

From the point of view of lift, the phenomenon is ex- 
actly identical to the one Just described. 

EIFPEL .COMPBilSATED TAIL (18 per. cent) 

^ f - ■*•'■■■• 

■ The axis of the hinge was shifted 5 mm forward, the' 
compensation was more than 18 per cent. At 30° setting 
the lift is distinctly higher compared' to the preceding 
case. 

The evolution of the moments is more normal, the mo- 
ments are consistently lower than those obtained with an 
uncompensated elevator. This evolution is readily ex- 
plained: the protuberance created on the top camber is 
less, 

BEBGUET TAIL 

In this empeinnage the trailing edge of the stabilizer 
is cut through and the thickness fashioned so that the 
leading edge of the elevator is tangent to the stabilizer, 

26 per ceqt compensation. 

The moments are higher than for the identical Eiffel 
tail, but the lift continues to increase at 30° setting. 
This, undoubtedly, is due. to the fact that the leading 
edge of the elevator no longer forms a protuberance on the 
top camber of the model. On the other hand, the fore 
part of the slat is in a zone of lower velocity set up by 
the rear portion of the stabilizer. The compensation is 
less effective. 

The dash^dot line gives the moments for a compensated 
elevator. 
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* S.P.C.A. TEAPEZOIDAL TAIL . 

The trailing edge of the stahillzer is rounded off 
and the tests were carried out for three different axes 
of the hinge placed at 0, 11.2, and 22.4 per cent of the 
mean chord of the elevator. The comparison was made with 
medium jiinge setting, the trailing edge of the 'stalillizer 
rounded off and hollow. (See fig, 25.) Thus," 

Sq = 0.2083 nfl (total area 

0,0502 msl 

> (trailing edge hollow) 
D.0557 msj 

0.0563 ms^ 

[ (trailiiig edge rounded pff 
0.0625 msj ■ 

The evolution of the hinge moments is interesting to 
con-sider when studying what a siot bf '.t.hi's sliape would do. 
(Figs. 23 and 24.) The objectiona"bl^ feature of the lift 
"becomes more striking as the hinge is furthe.r withdrawn, " 
The adoption of a hollow trailing edge for the stabilizer 
modifies this condit-ion a little without affecting to any 
marked degree the magnitude of the hinge moment. It should 
be borne in mind that with this tail and for the front 
hinge* the slot still exists, although somewhat reduced. 



.FUTURE RESEARCH 



There is still to be studied: 

1, The effect of the height of the axis with respect 
■ • to the- stabilizer, 

.. ' 2. The shape of the profiles and of the slot. 

..V: . AILERpif STUDIES , ■- '■ 

Chantlers de la Loire Wing with Rea:^ Slot 

These measurements are given as examples with a smail*^ 
size control. 
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Whereas the area of the S. P.O. A, elevator was 8(J0 cms , 
that of the Loire aileron is 43 oniS-i' If the hinge mo- 
ments were defined with total area of wing and of chord as 
reference to assure Uniformity with the longitudinal and 
directional stability data, the maximum of 60 attained to 
hy Cm would hecone 

■ = 0^23. . . 

• 6 0* 

This is much more exacting for these measurements. In 
figure 25 the maximum is plotted against the setting. 

t 

LeO (0,90 X 0.32) REOTANGULAE WING 

Aileron chord '= 8 cm. "The shape of the slot is seen 
i-n Figure 27. The trailing edge of the wirig forms a cyl- 
inder with the hinge forming the axis. The opening of 
this slot is' very' slight' at-ne'utral setting, then increases 
while turning the' fluid that passes, in appropriate direc- 
tion so as 'to 'render '-the' aileron eff icacious. 



The hinge moments are notatly lower, contrasted to 
those in a conventional "aileron. Another fact to he kept 
in view i s. the high Cz , 195, for 20° incidence and 20°- 
setting. At 25° incidence the maximum lift hecome s- i50 ,'■ , 
a -no tow 01? thy feature of the tack slot. 



LoO 30 TRAPEZOIDAL WING 



The slot used here was "built onto the model of that 
of the rectangular wing; a fictitious fuselage was added 
helow the bottom camber and the moments of roll and" of yaw 
were defined with respect to a eg, located at 41 mm below 
the wing and at 55 mm aft of the median leading edge. 

The ailerons wore locked in opposite sense and the 
signs defined as follows: On the active aileron side, 
the wing moves back with + and moves up with + Cj., 

those factors being referred to the total wing area and to 
its moan chori, it is soen that' for 'a low hinge tiomont 
the rolling moments remain sonsilily unaffected by the in- 
cidence, even when near to the maximum lift. 
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Tho yairing moments decifease as the incidozice increasos 
and 'becomo zero or nogatlvo £it nazimua lift. 

It soems as if tho rolling nouonts were highor and the 
yawing nomonts lower thaji those obtained with the unslotted 
aileron. 

Finally, tho tost on tho rectangular witigj chocked 
horo for 10 sotting, shows that a vbry high lift can "bo 
ohtained. 

This wing emTjodies notable improvenonts in stability 
as woll as lift; slightly loss effoctivo than tho wing 
with front slot, it noro than "balances this "by hoing aoro 
simple in design and more relia'ble in action. 

Action of wing with "back sl ot.- The detrimental flow 
set up on the top camter of a wing is felt all the, more 
as the incidence is increased and as the pertinent zone is 
nearer to the trailiiig edge. The Handley Page slot, as 
well as the Townend ring for streamline bodies, by con- 
straining the fluid filaraents into channels, forces then 
to hug the contours, thus increasing the lift generatrices 
of the effective rolling couple, decrease the drag gerera- 
trices of the yawing co^tple, and raising the efficiency of 
the ailerons by a fresh indraft of air in its place. 

If the slotted wing does not improve the flow on the 
front portion, it prevents a worse flow (trailing edge 
zone) by replacing it by a sraall wing working in good 
conditions, as a result of the flow of smooth air from 
the bottom side. through the slot and over the top side 
of the slot. 

This result maiy be compared with an earlier- test of 
Handley Page on a wing with 4 or 5 slots running parallel; 
to the wing span. At a maximum lift of 500 or 600 (re- 
ferred to the projected surface of the assembly), the rear 
aileron was almost normal in the flow at infinite distance; 
each one of then^ working the air deflected by the one pre- 
ceding, was at an incidence low enough to produce lift, 

got'tingeit wiif& 

1,20 m span, 18 cm chord A = 6,5 fitted with ailer- 
on balanced 40 per cent. 



1? 
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The moments are given for 3 and 18° incidence, and 
compared to those of a symmetrical biconvex wing of the 
same size and unbalanced aileron. The results agree with 
those ohtained previously. 

The polar curves are extremely interesting; as for 
the LeO wing, the maximum -increases up to 100, Con- 

sidering the enveloping curve of all these pblars, we find 
a wing having a maximum lift of 190, a minimum of 
1.-55, a maximum fineness of 18, and a 0}^^ of 2. The in- 
cidence for maximum with neutral setting is near 19°, 
with 520. setting it is 13.8°. 

These are noteworthy features for landing, high lif-t; 
and low incidence, and this is obtained wi.th a slot with' 
very low hinge moment, 

ir,A.d,A, WING (Eeports Nos. 343 and 370)* : 



Conventional aileron tests, made on a 1,52 m hy 
0.254 m wing, comprising the measurements of hinge, roll- 
ing, and yawing moments about an axis. Located below the 
wing, as in the LeO trapezoidal wing test. 

' The figures are relative to an aileron, the refer- 

ence lengths being the' semispan for the roll and the dis- 
tance from the eg, to the tail, for the yaw. 

The full lines represent the roll and the dot-dash 
lines, the yaw. It will be noted that practically the 
entire effective action is due to the aileron that moves 
up (right side of figure, p negative); it likewise is the 
one producing the minimum yawing moment. 

Utilizing the soleyaction of the unset (or free) ail- 
Veron instead of the conjugated ailerons would give the pi- 
lot, by a slightly greater surface, a very effective con- 



*Hdald, E. H,, Strother, D. H. , and Monish, B. H, : Effect 
of Variation of Chord and Span of Ailerons on Rolling 
and Yawing Moments at Several Angles of Pitch* T.H, 
No. 343, IT.A.C.A., 1930, 

Monish, B, H, : Effect of Variation of Chord and Span of 
Ailerons on Hinge Moments at Several Angles of Pitch, 
T.H, No, 370, NlA.C.A., 1930. 
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trol at any incidence. The hinge moments are equally pro- 
pitious with the unset aileron; they remain low and may 
even hecome reversed. 

This solution, resorted to in part, presents material 
advantages, although they are far "belpw those which can "be 
achieved by the use of a wing with "back slot, 

FUTURE EXPERIMENTS 

1, Exploration of shape of slots giving minimum 
drag increase. 

2, Effect of relative thickness of profile. 

3, Research on maximum possible Cg (chord of slot, 
shape of slot, position of axis). 



Translation by J. Vanier, 
National Advisory Committee 
for Aeronautics, 
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Fig. 6 Dimensions of mounting 




Pig. 7 Spring 
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Figs. 8,9,10,11 
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Fig. 13 




Fig. 14 




Pig. 15 Intermediate stop 




Pig. 12 Incidence sector 
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rigs. 25,26 
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